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As explained in [1], a combination of ad-
equate dynamics and performance as 
well as the best possible efficiency define 
the most important requirements for 
modern actuator systems in the pow-
ertrains of automobiles. Transmission ac-
tuators have a significant influence on the 
size, costs and efficiency of transmis-
sions. The latest electromechanical ac-
tuation systems used in transmissions 
from Getrag, Hyundai and Honda have 
demonstrated very impressively that it is 
possible to produce transmission actua-
tors with an average power consumption 
of less than 20 W and excellent controll-
ablity and dynamics. The Honda sport 
hybrid i-DCD currently sets the bench-
mark for double clutch transmissions 
with an average power consumption of 
12 W [2].
The costs of electromechanical actua-
tors increase with the actuation perfor-
mance at an exponential rate. The reduc-
tion of the actuation energy required to 
actuate is therefore very important for an 
efficient actuator system. The above men-
tioned systems have already achieved the 
development targets for a number of 
transmissions applications [2]; the current 
question is: how said systems can be op-
timized further?
Upsized functionality and performance 
in a reduced design envelope and 
without significant additional complexity
Since the current systems have achieved 
market satisfaction with regard to power 
consumption, controllability, dynamics 
and durability, the first priority is not to 
improve these characteristics. Custom-
ers would only accept improvements 
without additional costs. Consequently 
an increase in the functionality and pow-
er density without significant additional 
complexity and cost is the goal for many 
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Figure 1 Honda transmission with modular actuator system for sport hybrid applications
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new ideas, which will be presented. Such 
development targets can be mainly 
achieved by increased mechatronic in-
tegration.
Reduced complexity and costs without 
a significant loss of performance
The search is on to find simpler and 
more cost-effective actuation systems, 
particularly for the lower vehicle seg-
ments and relevant cost-sensitive mar-
kets. A reduction of performance and 
driving comfort is only accepted to a 
very limited extent by customers. There-
fore, the restrictions in very special and 
infrequently occurring driving situations 
must be discussed.
Increased modularity
In order to minimize the development ef-
fort for complex mechatronic systems as 
much as possible, it is advisable to de-
velop actuator modules and associated 
software modules so that they can be 
used for different tasks in the transmis-
sion. It is important that any additional 
costs and disadvantages regarding pack-
aging due to modularity are offset by more 
intelligent architectures. Synergies be-
tween different actuators can also be 
achieved by developing a modular system 
out of components from existing parts. So 
many electromechanical and electrohy-
draulic components are availiable in the 
Schaeffler group already, which can be 
used for developing new actuation solu-
tions.
Modular system  
architecture
Improved µ controllers with increased 
computing power, increased memory, 
higher permissible operating tempera-
tures and new data bus systems and 
sensors now allow system architectures, 
which were inconceivable 10 years ago. 
The use of local electronic units can now 
be seen everywhere in the powertrain. 
For example, throttle actuators, water 
pumps, parking locks or four-wheel 
drive systems are equipped with inde-
pendent intelligence. A trend, which has 
also found its way into the transmission 
sector.
For the first time, it was possible to ob-
tain the most important advantages in a 
double clutch transmission by fitting a hy-
drostatic clutch actuator (HCA) with a 
first-generation local control unit (LCU) 
[2, 3]:
 – Functional safety without mechanical 
self-opening clutch systems
 – Excellent controllability due to im-
proved local sensors
 – Improved EMC characteristics due to a 
reduced requirement for sensor and 
power cables
 – Freedom to optimize actuator mechan-
ics for a low power consumption.
The modularity and power density can be 
improved in the next generation by further 
development of LCU technology.
The dedicated sensors for a specific 
application should be directly connected 
to the relevant LCU to enable the direct 
processing of signals. It is advisable, for 
example, to equip the clutch actuator with 
inputs for the transmission input speed 
sensors in addition to the internal sensor 
inputs for travel, angle and pressure. In 
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combination with the improved memory 
size and processing power of new µ con-
trollers, all clutch functions such as soft-
ware adaptations or anti-judder control 
can be calculated locally. A torque inter-
face to higher-level strategies is also ad-
visable in the software. Service functions 
for initial operation and diagnosis can also 
be implemented in local control units in 
the future.
The gear actuator may also be fitted 
with a local electronics unit and have rele-
vant inputs for additional transmission sen-
sors such as oil temperature, output speed 
and parking lock position. The software 
interface is designed as a gear interface. In 
addition, higher-level driving strategies and 
shifting strategies can be implemented in 
the gear actuator. This takes into account 
the current state of the art, whereby all 
transmission functions are installed and 
can be tested on the transmission.
This Modular actuators not only sim-
plify the transmission system, they also 
increase availability 
as limp-home strat-
egies can be imple-
mented into each 
individual actuator. 
In addition, the suit-
ability of the actua-
tors for other appli-
cations is signifi- 
cantly increased. The 
requirements for 
clutch or gear actu-
ators for different 
applications are very 
similar. For exam-
ple, clutch actua-
tors are also used in 
four-wheel drive or 
hybrid drives. Intelli-
gent gear actuators 
can also be used 
in hybrid transmis-
sions for shifting 
synchronized shifting elements and the 
parking lock device.
The new actuators are equipped with 
four connector pins for bus systems. 
The can be configured in different ways. 
If an actuator is inserted into an existing 
CAN bus, the bus can be looped (daisy 
chain). Additional pins are not required 
on other control units. If actuators are 
used in transmission systems, it is better 
to use several CAN buses so that the 
transmission remains available if a CAN 
bus fails.
Increased integration
The objectives of downsizing complexity 
and upsizing performance are consistent-
ly achieved through further development 













each has a torque interface
Software interface: gear interface
as well as free resources for the 






























Figure 2 System architecture
36525Transmission Actuators
A new µ controller and output stages with 
higher performance as well as a connector 
with an increased number of pins increase 
the functionality, performance and modu-
larity of the clutch actuator without signifi-
cant additional outlay. Some mechanical 
interfaces can be eliminated due to the in-
creased level of integration, saving space 
and reducing costs. The use of a new syn-
chronized planetary roller spindle (SPWG) 
and a verifiable reference position with as-
sociated software intelligence negates the 
requirement for a travel sensor.
Reduced number of  
power drives
If a value analysis of the sensors is con-
ducted, it will be found that the brushless 
drives including the relevant electronics, 
sensors and cables form the largest por-
tion of the costs. Although it has been pos-
sible to reduce the costs of the drives by 
making great efforts to reduce the number 
of expensive magnetic components and by 
using LCU technology, the drives still re-
main the cost drivers for electromechanical 
actuators due to increased magnet prices. 
There is however no alternative to EC mo-
tors due to the superior power density, dy-
namics and operating life required for high-
ly-dynamic actuators. In addition to the 
selection of the most economical and suit-
able design for the drives, the question 
also arises as to whether a double clutch 
or hybrid transmission requires a drive for 
each actuator.
One actuator for two clutches
For reasons relating to the design envelope 
and costs, consideration can be given as to 
whether one HCA can supply more than 
one engagement system, for example two 
clutches or one clutch and a sub-transmis-
sion. This may be possible if the two en-
gagement systems do not require actuation 
energy at the same time.






Figure 3 Further development of the 
hydrostatic clutch actuator (HCA)
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Even with a double clutch transmission it 
is justifiable to ask the question whether 
the transmissible torque must be in-
creased on both clutches at the same 
time. If anything, this is only required in a 
few special cases, which can be solved 
by suitable calibration, such as tip-in dur-
ing an overlapping phase, or the genera-
tion of drag torque on the inactive clutch 
for resolving balked gears or for damping 
the powertrain. This approach is more 
suitable for other applications, such as in 
hybrid vehicles with a C0 clutch for en-
gine decoupling and a C1 clutch for 
starting. The stroke volume can be di-
vided between a number of consumers 
by means of valves. Long actuation peri-
ods are critical due to the limited volume 
in one stroke if the system cannot be 
sealed sufficiently. However, the required 
actuation time must be ensured because 
so-called seat valves are also not totally 
leak-proof. “Replenishment strategies” or 
a double stroke HCA could improve func-
tionality.
Bi-rotational pump
It can be seen that even highly efficient ac-
tuator systems such as the HCA reach 
their limits due to limited stroke volumes. 
Especially if there is leakage in the engage-
ment system or multiple slave cylinders are 
supplied by one actuator. In such cases, 
consideration should be given to actuator 
systems, which provide a continuous vol-
ume flow.
The Bi-rotational pump is the current 
state of the art [4, 5]. However, this type of 
system is only advisable if the intrinsic dis-
advantages, in terms of the power con-
sumption, are accepted. With this tech-
nology a power consumption smaller than 
20 W can not be reached in a double 
clutch transmission. Leakage in the clutch 
system, for example on the feedthroughs 
for rotating pressure pistons, can be com-
pensated by using low-pressure pumps, 
although this has a negative effect on the 
space requirements for the hydraulic lines 
and slave pistons. It is more advisable to 
eliminate leakage in the clutch system in 
order to facilitate further efficiency in-
creases in transmissions. Reducing pow-
er consumption and leakages will achieve 
the optimum in terms of efficiency, costs 
and package requirements. The use of a 
local control unit for the Bi-rotational 
pump is effective for the above mentioned 
reasons.
An additional design example for a 
Bi-rotational pump is the variable dis-
placement pump actuator, which allows 
a force-dependent nonlinear ratio. The 
core of this actuator is an electrically-
driven pump with a variable delivery 















Figure 4 HCA with seat valves and two 
consumers
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stroke varation mechanism with the gen-
erated load ensures needs-based actua-
tion:
 – Long delivery stroke at low pressure for 
bridging free travel.
 – Reduced delivery stroke and thus re-
duced pump torque at higher pressure 
for torque transmission.
A pump with the lowest possible level of 
leakage, for example in the form of an 
axial piston pump, and the incorporation 
of specific load-dependent friction char-
acteristics, show promising results in ini-
tial simulations. The limit of the possible 
actuation force can be significantly in-
creased without any requirement for 
adapting the electric motor and its elec-
tronics with only moderate disadvantages 
with regard to energy consumption com-
pared to an HCA. This type of actuator 
could be used in conjunction with seat 
valves for various loads as a hydrostatic 
actuator with limited stroke volume.
Active interlock transmission  
actuator with one power drive
The electromechanical active interlock gear 


















Figure 6 Active interlock actuator for up to  
10 shifting elements with actuation 
of the parking lock
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ket in the Hyundai 6-speed DCT in 2011, is 
already a power-on-demand system with a 
very low energy consumption [6, 7].
The actuator system has been further 
developed so that five shift rails instead of 
the previous four can be actuated. In total 
ten shifting elements can be actuated with 
the new actuator. The active interlock gear 
actuator is already used for actuating the 
parking lock in some volume-production 
applications [2]. The functionality of the ac-
tuator was significantly increased without 
considerable additional comlexity and 
costs. 
LuK presented a gear actuator in 2006, 
which was equipped with only one drive 
motor instead of a select motor and a shift 
motor [8]. A new single-motor gear actuator 
was developed on the basis of previous 
findings from the successful double-motor 
gear actuator and the new targets for in-
creased modularity from the system archi-
tecture.
Two simple mechanical elements – a 
one-way clutch and a cam mechanism 
– are used to realize the full select and 







Figure 7 Single-motor gear actuator
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Clever use of these two elements allows 
the movement for engaging gears to be 
assigned to the motor’s ﬁrst direction of 
rotation. The unwanted gears are ﬁrstly 
disengaged automatically in the active in-
terlock actuator. The second direction of 
rotation is responsible for returning into 
the neutral position and subsequent se-
lection movements.
The elimination of one motor frees up 
design space that is used for integrating a 
local transmission control unit.
Both the single-motor gear actuator and 
the new hydrostatic clutch actuator (HCA) 
show how increased integration can reduce 
costs while maintaining or increasing the 
level of functionality.
The hydraulic active interlock  
transmission actuator (HGA)
Hydraulically-actuated double clutch trans-
missions use gear actuators for actuating 
shifting elements in the transmission, which 
shift two gears at a time by means of indi-
vidual gear actuator pistons. If there are 
more than nine shifting elements, ﬁve single 
gear actuator pistons each with one travel 
sensor are required, which on hydraulic sys-
tems must be controlled by a directional 
control valve in order to engage the relevant 
gear.
If the active interlock principle of the 
electric motor drive is used, it would be pos-
sible to reduce the number of shift axes 
from ﬁve to two, i.e. one shift and one selec-
5 directional control valves
5 extensometers














Figure 9 Hydraulic active interlock gear 
actuator (HGA) in detail
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tor axis. Instead of using electromechanical 
drives, these two axes can still be actuated 
hydraulically, for example, using an axial 
and a swivel unit. The complexity could 
be halved while maintaining a similar level 
of performance. The 
HGA is therefore 
an excellent exam-
ple of how com-
plexity and costs 




tages of this trans-
mission actuator are 
the compactness 
and the modularity 
compared to large 
conventional gear 
actuator units. The 
parameters for dif-
ferent actuation val-
ues, for example, 
the gearshift force 
or dynamics, can be 
set by changing the 
pressure and vol-
ume flow.
Of course, it 
would also be con-
ceivable to use a dif-
ferent system than 
the central hydraulic 
system for actuation 
of the HGA. Two 
separate hydrostatic 
clutch actuators 
(HCA) or two bi- 
rotational pumps 
could also be con-
sidered. The above 
mentioned solutions 
with only one actua-
tor and a number of 
seat valves are also 
feasible, because 
selecting and shifting movements never take 
place at the same time, and no continuous 
force must be applied. Especially if there is 
no central hydraulic system for controlling the 
HGA, for example, in a hybrid transmission.
Figure 10 Excerpt from the functional analysis of a double clutch 
transmission
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Double clutch  
transmission actuated with 
two actuators
The double-motor DCT (2M DCT)
As previously shown, there are solutions for 
actuating two clutches with one actuator or 
performing selection and shifting opera-
tions with one power drive. Only two elec-
tromechanical drives are therefore required 
for a double clutch transmission. To ensure 
that the restrictions in terms of time are min-
imized, it is important to carry out a system-
atic analysis of when each drive is required 
and what disadvantages could occur if in 
exceptional cases actuator functions are 
performed in series instead of in parallel.
Because more than two drives are nev-
er required at the same time in a double 
clutch transmission, it is highly advisable to 
assign one drive to the active clutch and 
the other drive to preselect the gear in the 
inactive sub-transmission. Both actuators 
are subsequently available for transferring 
the torque from one clutch to the other. 
One sub-transmission with the associated 
clutch can therefore be actuated by only 
one drive.
Double-motor DCT with combined 
shift and clutch actuation drums
The basic structure of this DCT comprises 
two sub-transmissions, which are operat-
ed by two sub-shift drums connected to 
each other by means of a gear stage. The 
gear stages are each driven by an electric 
motor, which either generates a selection 
movement or shifting movement with the 
subsequent sequential clutch actuation for 
the relevant sub-transmission depending 
on the direction of rotation. Each clutch is 
Figure 11 Structure of the 2M DCT with combined shift and clutch actuation drums
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connected to the relevant shift drum drive 
via an angle-controlled one-way clutch, 
which enables clutch actuation according 
to the position on the circumference of the 
shift drum.
The shift drums can rotate freely in the 
direction of selection movement by means 
of a three-dimensional ramp geometry and 
a sprung gearshift fork pin until the circum-
ferential position of the required gear is 
reached (selection 
operation). If the 
shift drum is rotated 
in the opposite di-
rection, the shift 
fork pin slides along 
the diagonal gear 
ramp surface and 
engages the gear 
(gearshift opera-
tion).
In this moment, 
the angle-controlled 
one-way clutch 
reaches its locking 
position and moves 
the clutch actuating 
lever with the gear 
engaged by means 
of an additional ro-
tation of the shift drum. The one-way clutch 
function with angle control is realized in the 
clutch actuating lever by means of a pin that 
is free to move radially and is preloaded in 
the shift drum shaft and a one-way clutch 
ramp that is matched to the shift drum pro-
gram. The pin cannot be moved in the shift 
drum shaft in the direction of locking and 
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Figure 13 Integration of 2M DCT actuators into a transmission
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The clutch actuating levers press on the 
push rods of two hydrostatic master cylin-
ders, which, in turn, operate two slave cylin-
ders arranged coaxially relative to the trans-
mission input shafts. In conjunction with the 
integrated engagement bearings, the mas-
ter cylinders and the slave cylinders form a 
compact engagement system, which is 
completely enclosed within the clutch hous-
ing. The shift drums and gear train are lo-
cated in the normal positions for transmis-
sions equipped with shift drums. Both 
drives with the integrated electronics and 
the hydraulic fluid reservoir are located in a 
suitable position on the transmission.
Integration variants of 2M DCT 
actuators
2M DCT actuators have already been imple-
mented for different DCT gear sets with only 
minor changes to the gearshift forks and 
housing.
However, it must be stated that an opti-
mum solution for this type of system can 
only be found in very close collaboration 
with the transmission manufacturer. Com-
promises must frequently be found with 
regard to the design envelope, costs and 
functions.
2M DCT with bi-rotational pumps  
and HGA
High-pressure bi-rotational pumps can be 
installed in conjunction with an HGA as 
another system for using the two direc-
tions of rotation of an electric motor for 
two different subfunctions in the trans-
mission. One of the two bi-rotational 
pumps is assigned to each clutch. This 
means the clutches can be actuated inde-
pendently. The second pressure connec-
tion (in a reversing direction) is connected 
with the HGA using a simple valve logic. 







Figure 14 2M DCT variant with bi-rotational pumps and HGA
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level of functionality of the transmission 
with the reduced number of electric 
drives. The HGA divides the available en-
ergy via two valves into the required stroke 
for selection and the swivel movement for 
gearshifts.
Modular system of  
components
Control units, electric motors and 
sensors
The Schaeffler Group now has a wide range 
of modules for electronic components due 
to its many years of intensive development 
of electromechanical actuators for trans-
mission systems.
Mechanical components 
With the expertise and experience gained 
with regard to power screws and nuts 
made of different materials as well as 
screw drives with optimized friction be-
havior such as KGT, PWG and SPWG, 
Schaeffler has innovative drive compo-
nents for actuators, which can be used for 
specific applications.
The latest developments are:
 – The synchronized planetary roller spin-
dle (SPWG), a spindle drive with a con-
stant pitch and very high power den-
sity.
 – A verifiable reference position, which 
is detectable by the software and can 
be clearly differentiated from the stiff-
ness or blocking of the system.
 – The integrated, friction spring band, 
which prevents the actuator snapping 
open in case of a fault (2η band).
Universal control unit 
for EC/DC motor, 
transmission attachment
Control unit for 
2 BLDC motors, 
chassis attachment

















Figure 15 Control units, electric motors and sensors for transmission actuators
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New compact actuator for the  
automation of clutches
Precise and individual new actuators can 
be developed from the modular compo-
nents by using new design and simulation 
tools. Reliable statements can be made at 
an early stage with regard to the system 
behavior and operating life.
Such an example is the new compact 
actuator. Innovative mechanical compo-
































Figure 16 Mechanical components
…
Figure 17 Compact actuator for the automation of clutches
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roller spindle (SPWG), 
the verifiable refer-
ence stop and the 2η 
band were integrated 
into a compact and 
modular actuator 
with new electronic 
components. This 
actuator seems par-
ticularly suitable for 
MTs, AMTs, hybrid 






are also required in 
vehicles with new types of hybrid and elec-
tric drives. In contrast to conventional 
transmissions, electromechanical power-
on-demand actuator systems are usually 
required in these applications. Many appli-
cations can be operated with available ac-
tuators. The lever actuator [6, 8, 9] or HCA 
[2, 3, 6] is used in such powertrains for 
clutch actuation or a gear actuator is used 
for activating shifting elements and the 
parking lock. For special applications, for 
which available actuators are not suitable, 
new actuators can be quickly and eco-
nomically developed for the special re-
quirements from the modular system of 
components mentioned above.
The electric clutch actuator (ECA) for 
controlling disconnect clutches in hybrid 
modules can be completely integrated with 
the clutch into the hybrid module [10, 11]. 
The associated power electronics (ACU = 
actuator control unit) are also mounted on 
the hybrid module. A highly-integrated hy-
brid module with simple interfaces is cre-
ated. 
The electric axle actuator (EAA) is used for 
shifting into the neutral position and shift-
ing gears in electric drives. The electric 
motor and ball screw drive (KGT) are com-
ponents from the modular system. The 
EAA can also be controlled by the actuator 
control unit (ACU) mounted on the electric 
axle.
Outlook
The actuation future lies in even more highly-
integrated and intelligent modules [9]. If actua-
tors act directly on the pressure plate of a rotat-
ing clutch, they can be designed much smaller 
because the required actuation energy is very 
low due to the significant reduction in the ac-
tuation path. There is still a long way to go until 
actuators and electronics are available for the 
challenging conditions in a clutch. LuK has set 
















Electric axle actuator (EAA)
Figure 18 Electric clutch actuator (ECA) and electric axle actuator (EAA)
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transmitting electrical energy and signals and 
the function of small electric motors or piezo 
actuators has already been proven.
The current state of the art for double 
clutch actuation uses four actuators. This 
paper has presented many solutions with 
two actuator drives for a double clutch 
transmission. The provocative question is: 
can the number of drives be further re-
duced to one, or even zero? One idea to 
obtain such an actuation solution has 
shown promising initial results by tapping 
into the energy directly from the rotating 
powertrain.
Of course, there are a range of technical 
challenges to overcome before such ideas 
can be implemented. However, these ideas 
must be investigated in more detail in the 
near future.
Summary
Currently known electromechanical and 
hydraulic transmission actuation systems 
are being continuously developed while tak-
ing into account new boundary conditions, 
but above all using new technologies in me-
chanics and electronics. The discussed de-
velopments and ideas show that both a 
significant reduction in complexity and the 
provision of increased functionality are pos-
sible. The watchwords here are intelligent 
system architectures, modularity, and in-
creasing integration on the basis of a versa-
tile modular system of components. 
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